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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$) is an important parameter of the Standard Model (SM) of particle physics. Precise measurements of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ provide critical inputs to fits of global electroweak parameters \[[@CR1]--[@CR3]\] that help assess the internal consistency of the SM. In addition, the value of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ affects the stability of the SM Higgs potential, which has cosmological implications \[[@CR4]--[@CR6]\].
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ were performed by the CDF and D0 collaborations based on Tevatron proton--antiproton collision data corresponding to integrated luminosities of up to 9.7  fb$\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$. A selection of these measurements was used in the recent Tevatron $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ combination resulting in $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} = 174.34 \pm 0.37 \text{(stat) } \pm 0.52 \text{(syst) } {\mathrm { GeV}}= 174.34 \pm 0.64$$\end{document}$ $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm { GeV}}$$\end{document}$ \[[@CR7]\]. Since 2010, measurements of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ from the LHC by the ATLAS and CMS collaborations have become available. They are based on proton--proton (*pp*) collisions at a centre-of-mass energy of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sqrt{s} = 7~{\mathrm { TeV}}$$\end{document}$, recorded during 2010 and 2011 for integrated luminosities of up to 4.9 fb$\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$ \[[@CR8]--[@CR13]\]. The corresponding LHC combination, based on $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s} = 7~{\mathrm { TeV}}$$\end{document}$ data and including preliminary results, yields $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} = 173.29 \pm 0.23 \text{(stat) } \pm 0.92 \text{(syst) } {\mathrm { GeV}}= 173.29 \pm 0.95$$\end{document}$ $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm { GeV}}$$\end{document}$ \[[@CR14]\]. Using the same LHC input measurements and a selection of the $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ results from the Tevatron experiments, the first Tevatron$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+$$\end{document}$LHC $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ combination results in $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} = 173.34 \pm 0.27 \text{(stat) } \pm 0.71 \text{(syst) }$$\end{document}$ GeV, with a total uncertainty of 0.76 $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm { GeV}}$$\end{document}$ \[[@CR15]\]. Recently, improved individual measurements with a total uncertainty compatible with that achieved in the Tevatron$\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ combination have become available; the most precise single measurement is obtained by the D0 Collaboration using $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ events and yields $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} = 174.98\pm 0.76~{\mathrm { GeV}}$$\end{document}$ \[[@CR16]\].

This article presents a measurement of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ using events with one or two isolated charged leptons (electrons or muons) in the final state (the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ decay channels), in $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{ fb }^{-1}$$\end{document}$ of *pp* collision data collected by the ATLAS detector at a centre-of-mass energy of $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm { TeV}}$$\end{document}$ during 2011. It supersedes Ref. \[[@CR8]\], where, using a two-dimensional fit to reconstructed observables in the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ channel, $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ was determined together with a global jet energy scale factor. The use of this scale factor allows the uncertainty on $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ stemming from imperfect knowledge of the jet energy scale (JES) to be considerably reduced, albeit at the cost of an additional statistical uncertainty component. The single largest systematic uncertainty on $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ in Ref. \[[@CR8]\] was due to the relative *b*-to-light-jet energy scale (bJES) uncertainty, where the terms $\documentclass[12pt]{minimal}
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                \begin{document}$$b\text{-quarks } $$\end{document}$ and *u*, *d*, *c*, *s*-quarks or gluons, respectively. To reduce this uncertainty in the present analysis, a three-dimensional template fit is used for the first time in the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ channel, again replacing the corresponding uncertainty by a statistical uncertainty and a reduced systematic uncertainty. This concept will be even more advantageous with increasing data luminosity. In addition, for the combination of the measurements of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ in the two decay channels an in-depth investigation of the correlation of the two estimators for all components of the sources of systematic uncertainty is made. This leads to a much smaller total correlation of the two measurements than what is typically assigned, such that their combination yields a very significant improvement in the total uncertainty on $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mathrm {top}} $$\end{document}$. To retain this low correlation, the jet energy scale factors measured in the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ channel have not been propagated to the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ channel.
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                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ channel, one *W* boson from the top or antitop quark decays directly or via an intermediate $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ channel corresponds to the case where both *W* bosons from the top and antitop quarks decay leptonically, directly or via an intermediate $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{ dilepton } $$\end{document}$ final states, the measurements are based on the template method \[[@CR17]\]. In this technique, Monte Carlo (MC) simulated distributions are constructed for a chosen quantity sensitive to the physics parameter under study, using a number of discrete values of that parameter. These templates are fitted to analytical functions that interpolate between different input values of the physics parameter, fixing all other parameters of the functions. In the final step a likelihood fit to the observed distribution in data is used to obtain the value for the physics parameter that best describes the data. In this procedure the top quark mass determined from data corresponds to the mass definition used in the MC simulation. It is expected that the difference between this mass definition and the pole mass is of order 1 GeV \[[@CR18]--[@CR21]\].
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                \begin{document}$$\ell \text{+jets } $$\end{document}$ channel, events are reconstructed using a kinematic fit that assumes a $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{ bJSF } $$\end{document}$ account for residual differences of data and simulation in the light-jet and in the relative *b*-to-light-jet energy scale, respectively, thereby mitigating the corresponding systematic uncertainties on $\documentclass[12pt]{minimal}
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This article is organised as follows: after a short description of the ATLAS detector in Sect. [2](#Sec2){ref-type="sec"}, the data and MC simulation samples are discussed in Sect. [3](#Sec3){ref-type="sec"}. Details of the event selection and reconstruction are given in Sect. [4](#Sec4){ref-type="sec"}. The template fits are explained in Sect. [5](#Sec11){ref-type="sec"}. The measurement of $\documentclass[12pt]{minimal}
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The ATLAS detector {#Sec2}
==================

The ATLAS detector \[[@CR22]\] covers nearly the entire solid angle around the collision point.[1](#Fn1){ref-type="fn"} It consists of an inner tracking detector surrounded by a thin superconducting solenoid, electromagnetic and hadronic calorimeters, and a muon spectrometer incorporating three large superconducting toroid magnets. The inner-detector system (ID) is immersed in a 2 T axial magnetic field and provides charged-particle tracking in the range $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.5$$\end{document}$. The high-granularity silicon pixel detector covers the interaction region and typically provides three measurements per track, the first energy deposit being normally in the innermost layer. It is followed by the silicon microstrip tracker designed to provide four two-dimensional measurement points per track. These silicon detectors are complemented by the transition radiation tracker, which enables radially extended track reconstruction up to $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 1.7$$\end{document}$, and two copper/LAr hadronic endcap calorimeters. The solid angle coverage is completed with forward copper/LAr and tungsten/LAr calorimeter modules optimised for electromagnetic and hadronic measurements respectively. The muon spectrometer (MS) comprises separate trigger and high-precision tracking chambers measuring the deflection of muons in the magnetic field generated by the toroids. The precision chamber system covers the region $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.4$$\end{document}$ with resistive plate chambers in the barrel, and thin gap chambers in the endcap regions. A three-level trigger system is used to select interesting events \[[@CR23]\]. The Level-1 trigger is implemented in hardware and uses a subset of detector information to reduce the event rate to at most 75 kHz. This is followed by two software-based trigger levels which together reduce the event rate to about 300 Hz.

Data and Monte Carlo samples {#Sec3}
============================

For the measurements described in this document, data from LHC *pp* collisions at $\documentclass[12pt]{minimal}
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MC simulations are used to model $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ and single top quark processes as well as some of the background contributions. Top quark pair and single top quark production (in the *s*- and *Wt*-channels) are simulated using the next-to-leading-order (NLO) MC program [Powheg]{.smallcaps}-hvq (patch4) \[[@CR25]\] with the NLO CT10 \[[@CR26]\] parton distribution functions (PDFs). Parton showering, hadronisation and the underlying event are modelled using the [Pythia]{.smallcaps} (v6.425) \[[@CR27]\] program with the Perugia 2011C (P2011C) MC parameter set (tune) \[[@CR28]\] and the corresponding CTEQ6L1 PDFs \[[@CR29]\]. The [AcerMC]{.smallcaps} (v3.8) generator \[[@CR30]\] interfaced with [Pythia]{.smallcaps} (v6.425) is used for the simulation of the single top quark *t*-channel process. The [AcerMC]{.smallcaps} and [Pythia]{.smallcaps} programs are used with the CTEQ6L1 PDFs and the corresponding P2011C tune.
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Multiple *pp* interactions generated with [Pythia]{.smallcaps} (v6.425) using the AMBT2B tune \[[@CR51]\] are added to all MC samples. These simulated events are re-weighted such that the distribution of the number of interactions per bunch crossing (pile-up) in the simulated samples matches that in the data. The average number of interactions per bunch crossing for the data set considered is 8.7. The samples are processed through a simulation of the ATLAS detector \[[@CR52]\] based on GEANT4 \[[@CR53]\] and through the same reconstruction software as the data.

Event selection and reconstruction {#Sec4}
==================================

Object selection {#Sec5}
----------------
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An electron candidate is defined as an energy deposit in the electromagnetic calorimeter with an associated well-reconstructed track \[[@CR54]\]. Electron candidates are required to have transverse energy $\documentclass[12pt]{minimal}
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                \begin{document}$$1.37<\vert \eta _\mathrm {cluster} \vert <1.52$$\end{document}$) are excluded. Muon candidates are reconstructed from track segments in different layers of the MS \[[@CR55]\]. These segments are combined starting from the outermost layer, with a procedure that takes effects of detector material into account, and matched with tracks found in the ID. The final candidates are refitted using the complete track information, and are required to satisfy $\documentclass[12pt]{minimal}
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                \begin{document}$$\vert \eta \vert <2.5$$\end{document}$. Isolation criteria, which restrict the amount of energy deposited near the lepton candidates, are applied to both the electrons and muons to reduce the backgrounds from heavy-flavour decays inside jets or photon conversions, and the background from hadrons mimicking lepton signatures, in the following referred to as non-prompt and fake-lepton background (NP/fake-lepton background). For electrons, the energy not associated with the electron cluster and contained in a cone of $\documentclass[12pt]{minimal}
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Jets are reconstructed with the anti-$\documentclass[12pt]{minimal}
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Event selection {#Sec6}
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Event reconstruction {#Sec7}
--------------------

After the event selection described in the previous section, the events are further reconstructed according to the decay topology of interest, and are subject to additional requirements.
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The preselected events contain two charged leptons, at least two jets, of which either exactly one or exactly two are $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell b}^{\mathrm {reco}} $$\end{document}$ estimator of the event. The measured $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell b}^{\mathrm {reco}} $$\end{document}$ is required to be in the range 30--170 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm { GeV}}$$\end{document}$. This extra selection retains 97 % of the data candidate events.

### Event yields {#Sec10}

The numbers of events observed and expected after the above selections are reported in Table [1](#Tab1){ref-type="table"} for the $\documentclass[12pt]{minimal}
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Fig. 1Distributions of the transverse momentum of the untagged and $\documentclass[12pt]{minimal}
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Analysis method {#Sec11}
===============
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Using pseudo-experiments, also for this decay channel good linearity is found between the input top quark mass used to perform the pseudo-experiments, and the results of the fits. Within their statistical uncertainties, the mean values and widths of the pull distributions are consistent with the expectations of zero and one, respectively. The expected statistical uncertainties on $\documentclass[12pt]{minimal}
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Combined likelihood fit to the event samples {#Sec14}
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The combined likelihood fit allows the statistical uncertainties on the fitted parameters to be reduced, while mitigating some systematic effects. The expected statistical precision on $\documentclass[12pt]{minimal}
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Top quark mass measurements {#Sec15}
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The results of the fits for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ analyses are:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {m_{\mathrm {top}}^{\ell \mathrm {+jets}}}= & {} {172.33} \pm {0.75} ~\mathrm {(stat + \text{ JSF } + \text{ bJSF })}~{\mathrm { GeV}},\\ \text{ JSF }= & {} {{1.019} \,\pm {0.003} ~\mathrm {(stat)}},\\ \text{ bJSF }= & {} {{1.003} \,\pm {0.008} ~\mathrm {(stat)}}, \\ {m_{\mathrm {top}}^{\mathrm {dil}}}= & {} {{173.79} \,\pm {0.54} ~\mathrm {(stat)}} ~{\mathrm { GeV}}. \end{aligned}$$\end{document}$$For the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ channel, the fitted background fractions amount to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$18.4 \pm 2.2\,\%$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.4\pm 1.5\,\%$$\end{document}$ for one $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jet and the at least two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jets samples respectively. The corresponding values for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ analysis are $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3.5 \pm 3.7\,\%$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.4\pm 2.2\,\%$$\end{document}$ for one $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jet and the two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jets samples respectively. All quoted uncertainties are statistical only. These fractions are consistent with the expectations given in Table [1](#Tab1){ref-type="table"}. The correlation matrices for the fitted parameters in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ analyses are reported in Table [2](#Tab2){ref-type="table"}.Table 2The correlations of the fitted parameters used in the likelihood maximisation of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ analysis (top) and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ analysis (bottom)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${m_{\mathrm {top}}^{\ell \mathrm {+jets}}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ JSF } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ bJSF } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_\mathrm{bkg}^{\ell +\mathrm{jets}, 1b}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_\mathrm{bkg}^{\ell +\mathrm{jets}, 2b}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${m_{\mathrm {top}}^{\ell \mathrm {+jets}}} $$\end{document}$1.00$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ JSF } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.36$$\end{document}$1.00$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ bJSF } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.89$$\end{document}$0.031.00$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_\mathrm{bkg}^{\ell +\mathrm{jets}, 1b}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.03$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.01$$\end{document}$0.061.00$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_\mathrm{bkg}^{\ell +\mathrm{jets}, 2b}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.06$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.09$$\end{document}$0.090.011.00$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${m_{\mathrm {top}}^{\mathrm {dil}}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_\mathrm{bkg}^{\mathrm{dil}, 1b}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_\mathrm{bkg}^{\mathrm{dil}, 2b}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${m_{\mathrm {top}}^{\mathrm {dil}}} $$\end{document}$1.00$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_\mathrm{bkg}^{\mathrm{dil}, 1b}$$\end{document}$0.071.00$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_\mathrm{bkg}^{\mathrm{dil}, 2b}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.14$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.01$$\end{document}$1.00

Figure [4](#Fig4){ref-type="fig"} shows the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\mathrm {top}} ^{\mathrm {reco}} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{W}^{\mathrm {reco}} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$R_{b q} ^{\mathrm {reco}} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell b}^{\mathrm {reco}} $$\end{document}$ distributions in the data together with the corresponding fitted probability density functions for the background alone and for the sum of signal and background. The uncertainty bands are obtained by varying the three fitted parameters $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\mathrm {top}} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ JSF } $$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ bJSF } $$\end{document}$ within $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 1\sigma $$\end{document}$ of their full uncertainties taking into account their correlation, while keeping the background fractions fixed. The individual systematic uncertainties and the correlations are discussed in Sects. [7](#Sec16){ref-type="sec"} and  [8](#Sec37){ref-type="sec"}, respectively. The band shown is the envelope of all probability density functions obtained from 500 pseudo-experiments varying the parameters. Within this band, the data are well described by the fitted probability density function.Fig. 4The fitted distributions in the data, showing **a** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\mathrm {top}} ^{\mathrm {reco}} $$\end{document}$, **b** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{W}^{\mathrm {reco}} $$\end{document}$, **c** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$R_{b q} ^{\mathrm {reco}} $$\end{document}$, and **d** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\ell b}^{\mathrm {reco}} $$\end{document}$. The fitted probability density functions for the background alone and for signal-plus-background are also shown. The uncertainty bands indicate the total uncertainty on the signal-plus-background fit obtained from pseudo-experiments as explained in the text. Figures **a**--**c** refer to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ analysis, figure **d** to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ analysisFig. 5Likelihood contours showing the correlation determined in data of the measured $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${m_{\mathrm {top}}^{\ell \mathrm {+jets}}} $$\end{document}$ to **a** the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ JSF } $$\end{document}$ and **b** the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ bJSF } $$\end{document}$, and **c** the correlation of the two scales $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ JSF } $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ bJSF } $$\end{document}$, within the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ analysis. Figures **a**--**c** show the results using the events with one $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jet only (*grey ellipses*), with at least two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jets (*red ellipses*) and finally with all selected events, i.e. the ones with at least one $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jet (*blue ellipses*). The *ellipses* correspond to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 1\sigma $$\end{document}$ (statistical) uncertainties, including the statistical components from the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ JSF } $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ bJSF } $$\end{document}$ determination. While tracing the contours the additional parameters of the likelihood are fixed to their best fit values. Figure **d** reports the likelihood profile as a function of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${m_{\mathrm {top}}^{\mathrm {dil}}} $$\end{document}$ for the sample with one $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jet, the sample with two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jets and the combined result. The *colour coding* is analogous to figures **a**--**c**

For the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ lepton+jets } $$\end{document}$ analysis, the measured values of the three observables ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${m_{\mathrm {top}}^{\ell \mathrm {+jets}}} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ JSF } $$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ bJSF } $$\end{document}$), together with two-dimensional statistical uncertainty contours ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 1\sigma $$\end{document}$), including the statistical components from the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ JSF } $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{ bJSF } $$\end{document}$ determination, are shown in Fig. [5](#Fig5){ref-type="fig"}a--c. Correspondingly, the likelihood profile as a function of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${m_{\mathrm {top}}^{\mathrm {dil}}} $$\end{document}$ is reported in Fig. [5](#Fig5){ref-type="fig"}d, for the sample with one $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jet, the sample with two $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jets and the combined $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}\rightarrow \text{ dilepton } $$\end{document}$ result. These results demonstrate the good agreement between the parameter values measured in the samples with different $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$b\text{-tagged } $$\end{document}$ jet multiplicities.

Uncertainties affecting the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\mathrm {top}} $$\end{document}$ determination {#Sec16}
===================================================================================

Several sources of systematic uncertainty are considered. Their effects on the $\documentclass[12pt]{minimal}
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Statistics and method calibration {#Sec17}
---------------------------------

### Statistical components due to the jet energy scale factors {#Sec18}
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### Method calibration {#Sec19}

This uncertainty takes into account the effect of any bias introduced in the fit by the presence of correlations among the observables (neglected in the fit for the $\documentclass[12pt]{minimal}
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### Signal Monte Carlo generator {#Sec21}
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The impact of changing the factorisation and renormalisation scales ($\documentclass[12pt]{minimal}
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### Hadronisation {#Sec22}
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                \begin{document}$${\mathrm { GeV}}$$\end{document}$ from the [Powheg]{.smallcaps} event generator are produced performing the parton showering and the hadronisation with either [Pythia]{.smallcaps} with the P2011C tune or [Herwig]{.smallcaps} and [Jimmy]{.smallcaps} with the ATLAS AUET2 tune \[[@CR50]\]. The full difference of the results averaged over all pseudo experiments is quoted as the systematic uncertainty.

### Initial- and final-state QCD radiation {#Sec23}

Different amounts of initial- and final-state QCD radiation can alter the jet energies and multiplicities of the events, introducing distortions into the measured $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}$$\end{document}$ events \[[@CR71]\], and half the difference of these two extremes is used as the systematic uncertainty.

### Underlying event and colour reconnection {#Sec24}

These systematic uncertainties are estimated using samples simulated with [Powheg]{.smallcaps}-hvq and [Pythia]{.smallcaps}. The underlying-event uncertainty is obtained by comparing a sample with the Perugia 2012 tune (P2012) to a sample with the P2012 mpiHi tune \[[@CR28]\]. The full difference in the fitted mass of the two models is taken as the systematic uncertainty for this source. Similarly, the colour reconnection systematic uncertainty is assigned as the difference in the fitted parameters of samples obtained with the P2012 and P2012 loCR tunes \[[@CR28]\]. The same matrix-element-level [Powheg]{.smallcaps}-hvq events generated with the CT10 PDFs are used for the three MC samples. The P2012 mpiHi tune is a variation of the P2012 tune with more semi-hard multiple parton interactions. The colour reconnection parameters were kept fixed to the P2012 tune values. Compared to the standard P2012 tune the P2012 loCR tune leads to significantly less activity in the transverse region with respect to the leading charged-particle as measured in Ref. \[[@CR51]\]. In addition to assessing the effect of colour reconnection, this tune is therefore also used to estimate the systematic uncertainty associated with the particle spectra in the underlying event.

### Parton distribution functions {#Sec25}

The signal samples are generated using the CT10 PDFs. These PDFs, obtained from experimental data, have an uncertainty that is reflected in 26 pairs of possible PDF variations provided by the CTEQ group. To evaluate the impact of the PDF uncertainty on the $\documentclass[12pt]{minimal}
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The uncertainty in the modelling of non-$\documentclass[12pt]{minimal}
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                \begin{document}$$W \text{+jets } $$\end{document}$ background shape are also considered. These stem from the variation of the heavy-flavour composition of the samples and from re-weightings of the distributions to match the predictions of [Alpgen]{.smallcaps}. For the re-weighting, parameters are varied which affect the functional form of the factorisation and renormalisation scales, and the threshold for the matching scale used to connect the matrix-element calculation to the parton shower.

The estimate of the background from NP/fake leptons determined from data is varied by $\documentclass[12pt]{minimal}
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                \begin{document}$${\pm 50~\%}$$\end{document}$ to account for the uncertainty of this background source \[[@CR65]\]. Uncertainties affecting the shape of this background are also included. For the NP/fake-electron background, the effects on the shape arising from the efficiency uncertainties for real and fake electrons are evaluated and added in quadrature. For the NP/fake-muon background, two different matrix methods were used and averaged: their difference is taken as the systematic uncertainty.

In addition, the impact of changing the normalisation of the single top quark processes according to the uncertainty on the corresponding theoretical cross sections is considered. This yields a negligible systematic uncertainty in both the $\documentclass[12pt]{minimal}
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Detector modelling {#Sec27}
------------------

### Jet energy scale {#Sec28}

The JES is derived using information from test-beam data, LHC collision data, and simulation. The relative JES uncertainty varies from about 1 % to 3 % depending on jet $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$ as given in Ref. \[[@CR58]\]. Since the estimation of the jet energy scale involves a number of steps, the JES uncertainty has various components originating from the calibration method, the calorimeter response, the detector simulation, and the specific choice of parameters in the physics model employed in the MC event generator. The total uncertainty is expressed in terms of 21 $\documentclass[12pt]{minimal}
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### b-Jet energy scale {#Sec29}

This uncertainty is uncorrelated with the JES uncertainty and accounts for the remaining differences of $\documentclass[12pt]{minimal}
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### Jet energy resolution {#Sec30}

To assess the impact of this uncertainty, before performing the event selection, the energy of each reconstructed jet in the simulation is smeared by a Gaussian function such that the width of the resulting Gaussian distribution corresponds to the one including the uncertainty on the jet energy resolution \[[@CR72]\]. The fit is performed using smeared jets and the deviation from the central result is assigned as a systematic uncertainty.

### Jet reconstruction efficiency {#Sec31}

The jet reconstruction efficiency for data and the MC simulation is found to be in agreement with an accuracy of better than $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 2~\%$$\end{document}$  \[[@CR73]\]. To account for the residual uncertainties, 2 % of jets with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T}} < 30$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm { GeV}}$$\end{document}$ are randomly removed from MC simulated events. The event selection and the fit are repeated on the changed sample. The changes in the fitted parameters relative to the nominal MC sample are assigned as systematic uncertainty.

### Jet vertex fraction {#Sec32}

Residual differences between data and MC in the description of the fraction of the jet momentum associated with tracks from the primary vertex (used to suppress pile-up interactions) is corrected by applying scale factors. These scale factors, varied according to their uncertainty, are applied to MC simulation events as a function of the jet $\documentclass[12pt]{minimal}
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### Lepton momentum and missing transverse momentum {#Sec34}

The lepton momentum and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}^{\text {miss}} $$\end{document}$ are used in the event selection and reconstruction. For the leptons, the momentum scale, resolution and identification efficiency are measured using high-purity $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z\rightarrow \ell \ell $$\end{document}$ data \[[@CR60], [@CR60]\]. The uncertainty due to any possible miscalibration is propagated to the analyses by changing the measured reconstruction efficiency, lepton $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T}} $$\end{document}$, and the corresponding resolution, within uncertainties.

The uncertainties from the energy scale and resolution corrections for leptons and jets are propagated to the $\documentclass[12pt]{minimal}
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### Pile-up {#Sec35}

The residual systematic uncertainty due to pile-up was assessed by determining the dependence of the fitted top quark mass on the amount of pile-up activity, combined with uncertainties in modelling the amount of pile-up in the sample.

Summary {#Sec36}
-------

The resulting sizes of all uncertainties and their sum in quadrature are given in Table [3](#Tab3){ref-type="table"}. The total uncertainties on $\documentclass[12pt]{minimal}
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To perform the combination, for each source of systematic uncertainty, the uncertainties as well as the correlation of the measurements of $\documentclass[12pt]{minimal}
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The measurements are taken as uncorrelated for the statistical, the method calibration and the pile-up uncertainties. For the remaining uncertainty components there are two possible situations. Either the measurements are fully correlated, $\documentclass[12pt]{minimal}
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For uncertainty sources that contain multiple components such as the JES uncertainty described in Appendix A, the correlations given in Table [3](#Tab3){ref-type="table"} differ from $\documentclass[12pt]{minimal}
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To best profit from the combination of the two measurements, their correlation should be as small as possible, see Ref. \[[@CR78]\]. Consequently, the jet energy scale factors measured in the $\documentclass[12pt]{minimal}
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Using the correlations determined above, the combination of the $\documentclass[12pt]{minimal}
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Stability of the results {#Sec39}
------------------------

The dependence of the combined result on the statistical uncertainties of the evaluated systematic uncertainties is investigated by performing one thousand BLUE combinations in which all input uncertainties are independently smeared using Gaussian functions centred at the expected values, and with a width corresponding to their statistical uncertainties. Using the smeared uncertainties, the correlations are re-evaluated for each pseudo-experiment. The combined $\documentclass[12pt]{minimal}
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                \begin{document}$$\%$$\end{document}$, respectively. These effects are found to be negligible compared to the total uncertainty of the combined result. Consequently, no additional systematic uncertainty is assigned.

Conclusion {#Sec40}
==========

The top quark mass was measured via a three-dimensional template method in the $\documentclass[12pt]{minimal}
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Appendix A: Jet energy scale uncertainty: detailed components {#Sec41}
=============================================================

The relative JES uncertainty varies from about 1 % to 3 % depending on jet properties as given in Section 13 of Ref. \[[@CR58]\]. These components correspond to the eigenvectors of the reduced covariance matrix for the JES uncertainties, as described in Section 13.3 of Ref. \[[@CR58]\]. The initial sources of nuisance parameters (NP) originating from the in-situ determination of the JES are listed in Table 10 of Ref. \[[@CR58]\]. According to their nature, they are categorised into the classes: detector description, physics modelling, statistics and method, mixed detector and modelling. Finally, following Section 13.6 of Ref. \[[@CR58]\], a reduction of the number of nuisance parameters is performed for each category giving various components. Their $\documentclass[12pt]{minimal}
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